How task specialization, individual task performance and within-group behavioural variation affects fitness is a longstanding and unresolved problem in our understanding of animal societies. In the temperate social spider, Anelosimus studiosus, colony members exhibit a behavioural polymorphism; females either exhibit an aggressive 'asocial' or docile 'social' phenotype. We assessed individual prey-capture success for both phenotypes, and the role of phenotypic composition on group-level prey-capture success for three prey size classes. We then estimated the effect of group phenotypic composition on fitness in a common garden, as inferred from individual egg-case masses. On average, asocial females were more successful than social females at capturing large prey, and colony-level prey-capture success was positively associated with the frequency of the asocial phenotype. Asocial colony members were also more likely to engage in prey-capture behaviour in group-foraging situations. Interestingly, our fitness estimates indicate females of both phenotypes experience increased fitness when occupying colonies containing unlike individuals. These results imply a reciprocal fitness benefit of within-colony behavioural variation, and perhaps division of labour in a spider society.
INTRODUCTION
The global ecological success of social arthropods has classically been attributed to differential task performance by specialized individuals [1] [2] [3] , and it is generally supposed that specialists are more efficient at their respective tasks than generalists ([1, [4] [5] [6] ; but see [7] ). Perhaps the most extreme cases of task specialization are exhibited in eusocial insect societies (i.e. those showing discrete morphological castes). However, many societies, including humans [8, 9] , exhibit subdivision of labour without discrete morphological variants. Sex [10] [11] [12] , body size [8, 9, [13] [14] [15] , age [16] [17] [18] , group size [19] and consistent individual differences in behaviour [5, 20, 21] have all been associated with specialization in animal societies. Taken together, whether by morphological castes or otherwise, within-group behavioural variation is commonly interpreted as adaptive for animal societies, particularly insects [1-3, [22] [23] [24] [25] [26] [27] [28] . If within-group behavioural variation is indeed adaptive, this might provide a novel mechanism by which intraspecific behavioural variation, whether genetic or phenotypic, is promoted and maintained in social animal populations (reviewed in [20, 29, 30] ).
Whether and how within-group behavioural variation is linked to individual-and group-level task performance is not highly resolved [6,7,31 -35] ; furthermore, there is a paucity of data that characterize whether or how selection acts on within-colony behavioural variation [26, 27] , particularly in societies lacking sterile castes. Are certain individuals innately more effective at performing various tasks in societies lacking castes? Are the more effective individuals, in fact, the ones performing those tasks? How do the phenotypic compositions of social groups influence individual-and group-level fitness? Addressing these questions is non-trivial in most social animal systems for several reasons: (i) group sizes are commonly large, and reliably quantifying a significant proportion of group members' behaviour is therefore difficult; (ii) replication (i.e. assaying many colonies) is resourceintensive; and (iii) attributing behavioural variation to particular factors (e.g. individual differences in 'personality', age and sex) can be exigent in prolonged, multi-generational animal societies. In an ideal model society, (i) there would be no more than a few dozen individuals, (ii) individual behaviour could be measured and tracked without significantly disturbing group social dynamics, (iii) colonies would naturally vary in their phenotypic composition (figure 1), (iv) experimental colonies of known phenotypic composition could be established in the laboratory and in the field, and (v) individual-and colony-level task performance and suitable fitness proxies could be estimated.
Spider societies offer a uniquely suited system with which to test hypotheses concerning the adaptive value of within-group behavioural variation, closely matching many of the preferred attributes listed above. Spider societies lack discrete morphological castes, and colony constituents cooperate together in shared web maintenance, prey capture and alloparental care [10] [11] [12] . In at least one species-the temperate social spider Anelosimus studiosus (Araneae, Theridiidae)-generations are relatively discrete [18, 36] . Female A. studiosus feed their offspring for their first few instars (3-5 weeks), and in late summer mothers die. Offspring overwinter as late-instar juveniles and mature in spring the following year. With the exception of mating, males contribute little to colony function in spider societies [10] [11] [12] 37] . Female A. studiosus exhibit a social behaviour polymorphism throughout the majority of their range [38] , where they exhibit either an aggressive 'asocial' or a docile 'social' phenotype [39] [40] [41] [42] [43] . Perhaps, counterintuitively, both 'social' and 'asocial' females can be found in varying proportions both as singleton individuals and coalesced together in multi-female colonies [44, 45] , and naturally occurring colonies vary tremendously in the relative proportion of these two phenotypes [44] . In northern populations, colonies of A. studiosus may persist for several generations and form when females fail to disperse from their natal webs [37, 40] . Males, in contrast, always disperse [43, 46] , and colonies of A. studiosus are therefore unlikely to be as inbred as are colonies of the inbred social spiders [11, 12, 47] . Interestingly, there is a significant relationship between colony size and composition, where larger colonies contain a higher frequency of the asocial phenotype [44] .
The influence of asocial females on colony function is presently unresolved. Some data indicate that asocial females might act as social parasites within mixed-phenotype colonies, consuming a disproportionately large amount of food and even attacking other colony members [41, 44] . However, asocial individuals are also more aggressive towards predators, prey and mates, and are generally more active than social females [38, [41] [42] [43] [44] . Because of the pronounced behavioural differences between social and asocial females, there exists a potential for differential task performance within mixed-phenotype colonies, and thus asocial females might contribute to colony function in some significant way. For instance, asocial females might act as a 'soldier' behavioural type within multi-female webs, or contribute more to prey capture or colony defence.
In this study, we consider individual and group-level prey-capture success in A. studiosus, and estimate the potential fitness effects of within-group behavioural variation. We determine (i) whether individual prey-capture success is associated with behavioural phenotype, (ii) whether there is a phenotypic bias in prey-capture behaviour in mixed-phenotype colonies, (iii) whether the phenotypic composition of colonies influences their ability to capture prey of various sizes and (iv) whether individuals experience increased fitness in mixed versus monomorphic multi-female colonies in a common garden experiment. We choose to emphasize prey-capture behaviour in the present study because the wealth of evidence suggests that spider societies are promoted and maintained by improved prey-capture efficiency, particularly of large high-value prey items, which are otherwise unobtainable for singleton individuals [11,12,14,48 -56] .
METHODS
(a) Collection and laboratory maintenance Colonies of late-instar juvenile A. studiosus were collected along riparian habitats in east Tennessee by placing garbage bags over the colonies and trimming the supporting branches. Colonies were then transported back to the laboratory and individual juveniles were isolated in 59 ml opaque plastic cups. Singleton juveniles were fed a mixed maintenance diet of termite workers and one-week-old crickets. Females were checked twice weekly for molts and upon maturity their social phenotype was assessed using the protocol described below. Females of known phenotype were then either (i) run through a single prey-capture efficiency trial, or (ii) assigned to a cohort of size-matched females for use in staged group prey-capture trials or our common garden experiment. Multi-female colonies were established after the protocol of Pruitt & Reichert [44] . Multi-female colonies were housed in 490 ml clear plastic enclosures containing a ball of tangled poultry wiring to facilitate web construction.
(b) Inter-individual distance test To determine females' social tendency, two females of unknown social tendency were individually marked with fluorescent powder and placed in the centre of clear plastic containers (13 Â 13.5 Â 2.5 cm). After 24 h of settling time, we measured the distance between them. All females that exhibited an inter-individual distance greater than zero were run through a second confirmatory test with a known highly social female (i.e. one that previously exhibited an inter-individual distance score of 0). This is because more aggressive females that demand space may chase away social females. Females that aggregated in the same corner were categorized as 'social' and females that settled in opposite or adjacent corners in the second confirmatory test were 'asocial'. (c) Individual prey-capture success Females used in individual prey-capture trials were used in only one trial. Trials occurred in resident female webs. Before trials were initiated, the top of the female's enclosure was removed and the bottom surface was cut-off. Thus, prey items had the potential to jump/walk out of the top of the web or crawl directly through it (figure 2). Three size classes of crickets were used, and crickets were size-matched relative to the test female's body mass (i.e. small spiders received proportionately smaller crickets). The size classes were small (50 + 5%), medium (150 + 5%) and large (250 + 5%). Before weighing a prey item, its rear legs were snipped along points of natural leg autonomization using a pair of surgical scissors; this procedure necessarily lengthens web retention . The x-axis is the frequency of the asocial phenotype, and the y-axis is the percentage of colonies censused that exhibited each composition [44] . time, which is particularly important for large prey items. Prey items were then dropped 1-2 cm over the web in a central position, and the test female's response and capture success was observed (figure 2).
(d) Phenotype composition and colony-level capture success Our experimental colonies were composed of six sizematched (+5% body mass), randomly mated and individually marked females of known social tendency. Females were assigned to experimental colonies within one week of their maturation and painted with a unique pair of coloured dots using fast-drying modelling paint. Experimental colonies were constructed for three phenotypic compositions: 100 per cent social; 50 per cent social and 50 per cent asocial; and 100 per cent asocial. Colonies were housed in 473 ml clear plastic cups and provided a maintenance diet of two 2-week-old crickets once a week. Each colony (n ¼ 57) was tested for each prey size class two days after a routine feeding, and the order of testing was randomized among colonies. As above, we used three prey size classes in these trials (small, 50 + 5%; medium, 150 + 5%; large, 250 + 5%), and the rear legs of the prey were removed before weighing. The prey item was then dropped from 1 -2 cm above the web at a randomly selected point above the colony ( figure 3) . We dropped the prey item from various points above the colony to avoid potential spatial biases. We recorded (i) which individuals engaged in prey capture and (ii) whether the prey item was successfully subdued.
(e) Individual and colony-level fitness in a common garden To assess the effect of phenotypic composition on relative fitness within and among colonies, we established 20 colonies of each of the three phenotypic compositions described above. Our experimental colonies were maintained between 22 and 248C in the laboratory under a natural light-dark photo period. Colonies were presented with a single prey item daily, and the prey size was alternated between small and medium-sized prey among feedings. Preliminary data suggested that large prey escape too frequently to reliably maintain laboratory colonies containing only social females. Females increase slowly in body mass post-maturity and dramatically shrink in size after parturition. Because of the size of egg cases relative to females, parturition events are easily identified in A. studiosus. Post-parturition females were encouraged to momentarily abandon their egg cases by prodding them gently with a probe. Egg cases were weighed and returned to their mothers. We used egg-case mass as a proxy for fitness in our analyses because egg-case mass is highly correlated with female body condition and the number of offspring produced in spiders [57] [58] [59] .
(f) Statistical methods We used x 2 statistics to test for differences in individual preycapture efficiency among phenotypes and for phenotypic bias in prey-capture behaviour in staged mixed-phenotype foraging events. To test the effect of colony composition on prey-capture efficiency, we used logistic regression with capture success as a binomial response variable (main effects: phenotypic composition, prey size, phenotypic composition Â prey size). The order in which prey sizes were presented was randomized among colonies, and thus we blocked by colony ID in our analysis.
We used general linear models to compare female eggcase masses among our three phenotypic compositions (100% AS, 50% AS 50% S, 100% S). First we tested for differences in egg-case masses among the three phenotypic compositions irrespective of females' phenotype (n ¼ 20 replicate colonies of each composition; six females per colony). Next, we tested for a difference in egg-case mass between social and asocial females within the mixed treatment. For both analyses, we use individuals' starting mass as a covariate and colony ID as a random effect in our model. 
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RESULTS
The effect of female phenotype on individual capture efficiency differed among prey sizes (total n asocial ¼ 120, n social ¼ 93; figure 6 ); however, individuals' starting mass exhibited a significant effect (F 1,198 ¼ 16.65, p , 0.001).
DISCUSSION
It is commonly suggested that task specialization, increased individual efficiency and within-group phenotypic variation have together driven the ecological success of social arthropods [1 -3] . However, some recent evidence suggests that these supposed driving factors may, in fact, be inaccurate in some instances, and in some cases the individuals performing tasks are not necessarily the most efficient at it ( [6, 7] ; A. Dornhaus 2010, personal communication). Our data from a socially polymorphic spider reveals a phenotypic bias in task performance between social versus asocial colony members. Asocial females, which are generally more aggressive than social females [41 -43] , were more likely to engage in preycapture behaviour in mixed-phenotype foraging bouts. Asocial females were also more efficient at capturing larger prey items in isolation; concordantly, their presence facilitates increased capture success of large prey in group-foraging situations. Thus, at least in the case of prey-capture behaviour, the most individually efficient colony members are those most commonly engaging in the task. We also provide evidence that both social and asocial females experience fitness benefits in the presence of unlike individuals. Taken together, our data suggest that there is a positive association between task specialization, individual-and group-level task efficiency, and within-group behavioural variation in A. studiosus. These findings are generally consistent with longstanding models from the social insect literature, which posit an adaptive significance of within-group behavioural variation ([1 -3,6]; but see [7] ).
In our common garden experiment, females of both phenotypes experienced increased fitness in mixed-phenotype colonies. Previous data demonstrated that asocial females consume a disproportionately large amount of prey and generally behave aggressively towards conspecifics [41] [42] [43] [44] , leading to the hypothesis that asocial females act as social parasites in mixed-phenotype colonies, and thus impede overall colony function. In prior work, we found the 'social parasite' hypothesis to be somewhat supported by the finding that group-level prey extraction efficiency was positively associated with the social phenotype in staged mixed-phenotype foraging bouts [44] . On the contrary, our fitness data from the present study appear to contradict our previous hypothesisand perhaps the use of the terms 'social' and 'asocial'-because we previously failed to consider the role of prey-capture success. Granted, the fitness data collected here are from an artificial scenario (no predation, parasitism, web damage, etc.), but females of both phenotypes produced relatively larger egg cases when occupying behaviourally diverse colonies. We propose that asocial females might capture more resources than they can reasonably consume, and therefore afford social females more feeding opportunities than they might experience in purely social colonies. How asocial females benefit from mixedphenotype colonies remains an issue of more delicate speculation. One possibility is that asocial females, when numerically prevalent, impede one another's ability to feed and expend significant amounts of energy-resolving agonistic disputes. Taken together, the wealth of evidence presented here suggests that asocial females contribute at least as much as social individuals during prey-capture events, and therefore they are in some sense more 'social' than social females (i.e. they appear to contribute more in this ecologically important context). Thus, these new data support the need for a revision in the terminology used to describe these two behavioural types in A. studiosus, and we propose that the terms 'docile' and 'aggressive' more accurately describe the behaviour of 'social' and 'asocial' females, respectively. Our results also provide a potential adaptive explanation for the positive association between colony size and frequency of the asocial phenotype [44] . Large multi-female colonies exhibit a reduced surface area to volume ratio, and their capture surface per colony member is therefore much lower than small colonies. Interestingly, several lines of research have suggested that large groups can overcome this scaling constraint by subduing larger and larger prey [56] . Our data on group prey-capture efficiencies suggest that larger colonies contain higher frequencies of the asocial phenotype [44] , and the presence of asocial females helps facilitate increased prey-capture success of large, colony-sustaining prey items (figure 4). Thus, it could be suggested that asocial females are essential for the persistence of large multi-female colonies, which might otherwise be incapable of subduing large enough prey to resolve their scaling constraint [56] .
A recurring theme in evolutionary biology is how variation is maintained in the face of optimization (i.e. the concept that evolution eliminates all but the most 'fit' of variants). One important mechanism by which behavioural variation could be favoured and maintained in social animals is by complementary phenotypes, where the strategies of some individuals are favoured and/or facilitated by the presence of other, unlike strategies. In some cases, the interactions of these phenotypes might not be mutually beneficial. For instance, in the case of intra-specific social parasitism, parasites benefit by the persistence of cooperative individuals, but the cooperative individuals are burdened by the interaction. Alternatively, phenotypes might reciprocally benefit from an interaction, and mixed phenotype compositions might emerge as an important mechanism of balancing selection in animal societies (e.g. [27, 28] ). We present evidence for such a mutualism in A. studiosus, where genetically influenced behavioural phenotypes (here relabelled as 'docile' and 'aggressive' from social and asocial, respectively) appear to experience increased fitness by associating with unlike individuals ( [40, 43] ; figures 5 and 6). Whether and how individuals of various behavioural tendencies identify unlike individuals and the mechanisms behind the phenotypic assemblage of colonies are, unfortunately, largely unknown in our system. However, there is at least some preliminary evidence to suggest that social and asocial females might exhibit distinct chemical signatures, which could permit chemical discrimination [43] .
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